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ESTROGENICITY OF ORGANOPHOSPHORUS
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Institute of Toxicol ogy, Nanj ing Medical  University, Nanj ing,

Peopl e’s Republ ic of China


J igao Xiao, Gang Hu
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Nanj ing, Peopl e’s Republ ic of China


J ianwei Zhou, Hang Xiao, Xinru Wang


Institute of Toxicol ogy, Nanj ing Medical  University, Nanj ing,

Peopl e’s Republ ic of China


Although organophosphorus and pyrethroid pesticides are considered environmental cont-


aminants, their estrogenic potentials are still ubiquitous and unclear. The present study was


undertaken to evaluate the estrogenic activities of nine pesticides (phoxim, malathion,


monocrotophos, dimethoate, opunal, fenvalerate,  cypermethrin,  permethrin,  and delta-


methrin) using three in vitro methods
[
E-Screen assay, estrogen receptor (ER) competitive


binding assay,  and pS2 expression assay
]
. All the pyrethroid pesticides tested induced


MCF-7 cell proliferation significantly,  while organophosphorus pesticides did not. The


estrogenic potency were ranked as permethrin > fenvalerate > cypermethrin > deltamethrin.


The proliferation induced by cypermethrin, permethrin, and deltamethrin was blocked by


ICI 182.780, while fenvalerate only partly inhibited it. In addition, pyrethroid pesticides


inhibited the binding of
[
3
H
]
estradiol to ER, while the organophosphorus failed to do so.


Fenvalerate,  permethrin, and cypermethrin induced pS2 mRNA expression with varying


potency, while there were no significant effects in deltamethrin-treated groups. Our find-


ings provide evidence to support the idea that pyrethroid pesticides tested produce an ER-


specific, agonist response. Fenvalerate induced MCF-7 cell proliferation by a mechanism


not involving ER-mediated pathway. Organophosphorus pesticides tested showed no estro-


genic potential. Compared with the pS2 expression assay, E-Screen was a more sensitive


and useful assay for screening of the xenoestrogenic chemicals.


Pesticides are commonl y used for the control  of agricul tural  and indoor

pests (Garey & Wol ff, 1 998). The ubiquitous nature of pesticide usage with

minimal  precautions has resul ted in contamination of food, the workpl ace,

and the environment (Aprea et al ., 1 998; Col e et al ., 1 998). Organophos-

phorus and pyrethroid pesticides are the most popul ar pesticides used in
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China. Organophosphorus pesticides exert their effects by phosphoryl ation

of acetyl chol inesterase enzyme activity, causing accumul ation of acetyl cho -

l ine, overstimul ation of chol inergic receptors, and consequent cl inical  signs

of toxicity (Pope, 1 999; Abu-Qare et al ., 2001 ; Mil eson et al ., 1 998). There

is currentl y concern that some chemical s present in the environment, work-

pl ace, and home (incl uding pesticides, al kyl phenol s, phthal ates, pol ychl ori-

nated biphenyl , antioxidants, and
o-p
’-DDT) may interact with the estrogen

receptor (ER) in mammal ian cel l s and thereby produce adverse reproductive

and devel opmental  effects (Sonnenschein & Soto, 1 998; McLachl an, 1 993;

Tonil ol  et al ., 1 995). Recent reports showed that pyrethroid pesticides (
d-

trans
-al l ethrin, fenval erate, sumithrin, and permethrin) exerted estrogenic

and antiprogestagenic activities in MCF-7 human breast carcinoma cel l  l ines

(Garey & Wol ff, 1 998; Go et al ., 1 999). Fenval erate significantl y increased

al kal ine phosphatase activity in Ishikawa Var-I human endometrial  cancer

cel l s, and pS2 mRNA expression and cel l  prol iferation in MCF-7 cel l s. How-

ever, the increases were not consistentl y inhibited by estrogen receptor antag-

onist ICI 1 64.384. Significant increases in al kal ine phosphatase activity and

pS2 expression were al so found with sumithrin exposure, whereas no signifi -

cant change in MCF-7 cel l  prol iferation occurred. It was reported that none

of the pyrethroid pesticides (
d-trans
-al l ethrin, cypermethrin, empenthrin, fen-

val erate, imiprothrin,
d
-phenothrin, pral l ethrin) produced significant estro-

genic or antiestrogenic effects at concentrations ranging from 1 00 n
M
to 1 0

µ
M
(Saito et al ., 2000). Pyrethroid insecticides thus do not appear to affect

the cl assic hER
a
-mediated activation pathway in vitro. The estrogenicity of

environmental  chemical s has been documented by the production of estro-

gen-specific effects in many systems (Roy et al ., 1 997; Rawl ings et al ., 1 998).

The estrogenic effects incl ude (1 ) increase in uterine weight and enzyme

activities (Gray et al ., 1 997), (2 ) changed production of vitel l ogenin (Petit et

al ., 1 997), a femal e-specific yol k protein in mal e fish, (3) stimul ation of cel l

prol iferation (Mel l anen et al ., 1 996), and (4 ) el evated transcription of estro-

gen responsive genes in human cancer cel l s (Wang et al ., 1 997; Jorgensen et

al ., 2000; Petit et al ., 1 997). The estrogenic activity of many chemical s is

based on their interactions with ER, suggesting that assays measuring the

activity of hormones receptors in response to environmental  chemical s wil l

provide insight into the hormonal  or antihormonal  activities of chemical s

(Kl otz et al ., 1 997; Carney et al ., 1 997). In order to verify whether organo-

phosphorus and pyrethroid pesticides in vitro have the abil ity to interact with

ER, nine most popul arl y used pesticides (five organophosphorus and four py-

rethroid pesticides) in China were examined. Further, the effects of pyrethroid

pesticides on mRNA l evel s for the estrogen-sensitive pS2 gene by reverse-

transcription pol ymerase chain reaction (RT-PCR) were determined.


MATERIALS AND METHODS


Cell Line and Cell Culture Conditions


Human breast cancer estrogen-sensitive MCF-7 cel l s were obtained from

Shanghai Institute for Cel l  Science, Chinese Academy of Science. For routine
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maintenance, cel l s were grown in RPMI 1 640 (Gibco, Grand Isl and, NY) sup-

pl emented with 1 0% fetal  bovine serum (FBS) at 37°C in an atmosphere of

5% CO
2
/95% air under saturating humidity and passaged every week (1 :4 to

1 :5 spl it) by trypsinization with 0.25% trypsin/0.02% ethyl enediamine tetra-

acetic acid (EDTA) disodium sal t sol ution (Life Technol ogies, Paisl ey, UK).


Chemical Tested


Al l  the tested pesticides were obtained by Dr. CangKun Chen (Nanjing

Agricul tural  University, Nanjing, China). The purity of al l  the pesticides tested

was above 90%. Test chemical s were dissol ved in 1 00% ethanol  or dimethyl

sul foxide (DMSO) at the highest concentration possibl e. Stock sol utions were

then subsequentl y dil uted in ethanol  or DMSO in the assays.


Removal of Sex Steroids

by Charcoal-Dextran-Stripped Fetal Bovine Serum (CDS-FBS)


This method is based on the protocol  provided by Dr. John McLachl an

and Dr. Lil ia Mel nik (Environmental  Endocrinol ogy Laboratory, Center for

Bioenvironmental  Research, Tul ane School  of Medicine). A 0.25% charcoal

(Sigma Chemical  Co., St. Louis, MO)–0.025% dextran (Sigma Chemical

Co., St. Louis, MO) suspension was prepared and autocl aved for 25 min.

Charcoal -dextran (CD) suspension al iquots of a vol ume simil ar to the serum

al iquots to be processed were centrifuged at 800
×
g for 1 5 min. Super-

natants were aspirated and serum al iquots were mixed with the charcoal

pel l ets. This charcoal –serum mixture was maintained in suspension by vor-

texing and shaking for 30 min. This suspension was centrifuged at 3000
×
g

for 30 min. The supernatant was removed, mixed with charcoal , and the

former steps are repeated. The supernatant (CDS-FBS) was then transferred

and stored at –20°C until  needed.


The E-Screen Assay


The  experimental   procedures  were  based  on  previousl y  described

methods with some modifications (Vil l al obos et al ., 1 995). Briefl y, MCF-7

cel l s were trypsinized and pl ated into 96-wel l  pl ates with the medium (5%

CDS-FBS suppl emented to phenol  red-free RPMI 1 640) at an initial  con-

centration of 1 0
3
cel l s per wel l . Cel l s were al l owed to attach for 24 h; then

the medium was removed and repl aced by the medium containing a range

of concentration of test compounds. The bioassay was terminated on day 6

(l ate exponential  phase) by removing the medium from the wel l s, adding a

thiazol yl  bl ue (Sigma Chemical  Co., St. Louis, MO) sol ution (5 mg/ml  PBS

buffer).  After  4  h,  the  sol ution  was  removed  and  200  µl   DMSO/wel l

was  added;  after  1 0  min,  the  absorbance  was  determined  at  490  nm

by CERES900 (Bio-Tek Instruments, Inc., Winooski, VT). Fol d prol iferation of

each exposure groups was determined as the ratio of group absorbance to

control  absorbance.


Uterine Cytosol (Estrogen Receptor) Preparation


Uterine cytosol  was prepared as described previousl y with some modifi-

cations (Bl air et al ., 2000). Adul t femal e Sprague-Dawl ey rats (
n
= 1 5, 1 80–
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200 g, SIPPR/BK, certificate 02 -49-2 ) were housed in an air-conditioned

room with control l ed l ighting conditions (1 2-h l ight/dark) and al l owed free

access to water and rat feed. After sacrifice by decapitation, uteri were ex-

cised, trimmed of excess fat and mesentery, weighed, and stored in l iquid

nitrogen. After al l  the rats were sacrificed, the pool ed uteri were pl aced in

fresh, ice-col d TEDGSP buffer (1 0 m
M
Tris, 1  m
M
EDTA, 2 m
M
dithiothre-

itol , 1 0% gl ycerol , 1 0 m
M
sodium mol ybdate, 1  m
M
phenyl methyl sul fonyl

fl uoride (pH 7.5) at a concentration of 1  g tissue/6 ml  buffer. After precool -

ing (4°C) the homogenization probe, uterine tissue was homogenized at 4°C

with a Pol ytron homogenizer (Brinkmann Instruments, Inc., Westbury, NY)

using  5-s  bursts.  The  resul ting  homogenate  was  transferred  to  pre-

cool ed (4°C) centrifuge tubes and centrifuged at 800
×
g for 1 5 min at 4°C;

then the supernatant was transferred into precool ed (4°C) ul tracentrifuge

tubes and centrifuged at 1 05,000
×
g for 60 min at 4°C. The resul tant super-

natant was used as cytosol ic fraction, and protein content was determined

by the method of Lowry et al . (1 951 ). The sol ution was decanted and stored

at –70°C until  used in the competitive binding assay.


Estrogen Receptor Competitive-Binding Assay


Anal ytical  procedures fol l owed previousl y described methods with some

modifications  (Bl air  et  al .,  2000).  Briefl y,  1 0
–9
 M
2 ,3 ,6,7-
[
3
H
]
estradiol

(Amersham Pharmacia, Littl e Chal font, Bucks., UK) was incubated with 20 µl

of  increasing  concentrations  of  radioinert  competitor,  1 00  µl   of  uterine

cytosol  preparation, and 60 µl  of TEDGSP buffer. Reaction mixtures were

incubated at 4°C for 1 6 h. Fol l owing the incubation period, 200 µl  of col d

dextran–charcoal  buffer
[
0.25% dextran (Sigma Chemical  Co., St. Louis, MO)

and 2 .5% activated charcoal  (Sigma Chemical  Co., St. Louis, MO) in TE

buffer (1 0 m
M
Tris, 1  m
M
EDTA, pH 8.0)
]
was added to each tube to separate

the bound l igand from the free l igand. These tubes were incubated in an ice-

water bath for 30 min and vortexed for 1 0 s at 1 0-min interval s. Tubes were

subsequentl y centrifuged (800
×
g) at 4°C for 5 min. The supernatant was

decanted into vial s containing 5 ml  of scintil l ation cocktail . Radioactivity was

measured on a Packbeta LKB1 21 9 l iquid scintil l ation anal yzer (Packard In-

strument Co., Meriden, CT). In addition to the radioinert competitors, each

assay incubated a control  tube (no competitor added; represented total  bind-

ing of
[
3
H
]
estradiol  (
[
3
H
]
-E
2
); averaged approximatel y 1 5,000 dpm) and an

17
b
-estradiol  (E
2
) standard curve (1
×
1 0


–4
, 1
×
1 0
–5
, 1
×
1 0
–6
, 1
×
1 0
–7
, 1
×

1 0
–8
, 1
×
1 0
–9
, 1
×
1 0
–1 0
, 1
×
1 0
–1 1
or 1
×
1 0
–1 2
M
concentration) for quantity

control  purposes. The 1
×
1 0
–7
M
E
2
tube contained a 1 00-fol d mol ar excess

of radioinert E
2
compared to
[
3
H
]
-E
2
and thus represented nonspecific bind-

ing (NSB; averaged approximatel y 800 dpm). Radioactivity counts (dpm)

of the NSB were subtracted prior to cal cul ation of percent
[
3
H
]
-E
2
bound.

Data for each competitor and the E
2
standard curve were pl otted as percent

[
3
H
]
-E
2
bound versus mol ar concentration, and the IC50 (the concentration
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of chemical  necessary to inhibit the binding of
[
3
H
]
-E
2
to ER by 50%) for each

competitor was determined.


The pS2 mRNA Assay


MCF-7 cel l s were trypsinized and pl ated into 6-wel l  pl ates with the me-

dium (5% CDS-FBS suppl emented to phenol  red-free RPMI 1 640). As in the

E-Screen assay, after 24 h of preincubation, pesticides or E
2
of variant concen-

trations were used to treat the cel l s. Ethanol  (0.1%) or DMSO was added to

the control . Al l  cel l s were harvested at the same time. The total  RNA was

purified  with  TRIzol   (Biobasic,  Inc.,  Ontario,  Canada)  reagent  accord-

ing to the manufacturers protocol . The l ysed cel l s were frozen in TRIzol  at

–80°C. After they were thawed at room temperature, chl oroform (0.2 ml )

was added to each sampl e and vortexed. The mixture was centrifuged at

1 2,000
×
g for 1 5 min at 4°C. The aqueous phase (0.6 ml ) was transferred

to an RNase-free tube and 0.3 ml  isopropyl  al cohol  was added. The mix-

ture was incubated at room temperature for 1 0 min and centrifuged for 1 0

min at 1 2 ,000
×
g at 4°C. The supernate was removed, and the RNA pel l et

was washed once with 75% ethanol  and centrifuged at 7500
×
g for 5 min

at 4°C. After it was air-dried for 1 0 min, the RNA pel l et was dissol ved in 20

µl  of RNase-free water. The RNA concentration was adjusted to 0.6 µg/µl

and used for RT-PCR. In a steril e, nucl ease-free microcentrifuge tube, 1  µg

ol igo-d(T)
1 8
AGC was added to the 2 µg RNA sampl e in a total  vol ume of

1 3.5 µl  and heated to 70°C for 5 min. The tubes were chil l ed on ice for 5

min and centrifuged to col l ect the sol ution. The fol l owing components were

added in the order shown: AMV RT 5
×
reaction buffer 5 µl , 1 0 m
M
dNTPs

2 .5 µl , RNasin 1 0 U, AMV reverse transcriptase (RT; Promega Co., Madi-

son, WI) 1 0 U, and nucl ease-free water (up to 25 µl ). The RT reaction mix-

ture was incubated for 1  cycl e at 42°C for 60 min, 70°C for 5 min, and 4°C

for 5 min. The entire cDNA compl ement produced during RT reaction was

used in subsequent PCRs. Al l  the primers used in this study were described

by Gil l esby and Zacharewski (1 999) and purchased from Sheng Gong Bio-

medicine Co. (Shanghai, China) (see Tabl e 1 ). The PCR mixture contained

RT product 2 µl , 1 0
×
PCR buffer 5 µ1  (pH = 7.6), 50 p
M
forward and re-

verse primer, 1 .5 m
M
MgCl
2
, 0.1  m
M
dNTPs, and Taq DNA Pol ymerase

(Promega Co., Madison, WI) 2 U (total  vol ume 50 µl ). The reaction condi-

tion was 95°C for 5 min, and it continued for 30 cycl es of 94°C for 45 s,

58°C for 45 s, and 72°C for 45 s (for pS2) and 94°C for 45 s, 66°C for 45 s,

and 72°C for 45 s (for
b
-actin), fol l owed by final  templ ate extension at 70°C

for 7 min. After compl etion of the reactions, PCR products were separated in

1 .5% agarose gel  containing 0.1% ethidium bromide. The net intensity of

the bands, corresponding to pS2 and
b
-actin, were anal yzed with a Kodak

digital  identification (ID) imagine anal ysis software (Eastman Kodak Co.,

Rochester, NY). The pS2 concentration was determined by normal izing the

pS2 net intensity to the
b
-actin net intensity.


ESTROGENICITY OF PESTICIDES 1 423


D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
S
 
E
P
A
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
P
r
o
t
e
c
t
i
o
n
 
A
g
e
n
c
y
]
 
A
t
:
 
1
0
:
1
7
 
1
4
 
A
p
r
i
l
 
2
0
1
0



Statistics


Statistical  anal ysis was performed by anal ysis of variance (ANOVA).

The criterion for significance was set at
p
< .05.


RESULTS


E-Screen Assay


Addition of E
2
to CDS-FBS-suppl emented medium increased the number

of MCF-7 cel l s in the cul ture. Maximum prol iferative effect was obtained at

concentration of 1  n
M
E
2
and higher (Figure 1 ). Cel l  yiel ds were threefol d

greater than in control  (0.1% ethanol ) cul ture after 6 d. In the absence of E
2

(control ), cel l s prol iferated minimal l y. Thus 1  n
M
E
2
was sel ected as the posi-

tive control . Concentration responses to five organophosphorus pesticides

are shown in Figure 1 . There are no significant effects on cel l  prol iferation

after exposure to these chemical s. Figure 2 il l ustrates the promotion of cel l

growth by four pyrethroid pesticides. The PE (prol iferation effect) val ues for

fenval erate, cypermethrin, del tamethrin, and permethrin are 2 .1 7, 1 .46,

1 .74, and 2.69, respectivel y. In comparison with the PE of E
2
(3 .46), al l  the

pyrethroid pesticides showed a partial  agonistic response. In addition, esti-

mated RPP (rel ative prol iferate potency, PE ratios of chemical  to E
2
) al l owed

us to rank the pyrethroid pesticides by their estrogenic potency: E
2
> perme-

thrin > fenval erate > cypermethrin > del tamethrin.


ER Competitive-Bind ing Assay


Radioinert 1 7
b
-estradiol  effectivel y competed with
[
3
H
]
-E
2
for binding

to ER at the concentrations tested (Figure 3 ). Of the four pyrethroid pesti-

cides,  fenval erate  and  cypermethrin  were  the  most  effective  pesticides

at inhibiting the binding of
[
3
H
]
-E
2
to ER (Figure 4). The IC50 were 0.479

and 0.562 m
M
, respectivel y; whil e permethrin and del tamethrin inhibit the

binding of
[
3
H
]
-E
2
to ER, it was l ess than 67%. Organophosphorus pesti-

cides did not compete significantl y with
[
3
H
]
-E
2
for binding to ER at any

concentrations tested.


pS2 Expression Assay


At 1 0
–7
M
, 1 7
b
-estradiol  induced pS2 mRNA expression after a 2-h ex-

posure; the highest l evel  was at 6 h, and expression remained el evated

through the 48-h point (Figure 5). Thus 6 h was sel ected as the exposure

time in the fol l owing experiments. As shown in Figure 6, pyrethroid pesti-
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TABLE 1 . Primers Used for Ampl ification of Target mRNA in RT-PCR Reaction


Gene product Forward primer (5’-3 ’) Reverse primer (5’-3 ’)


pS2 ttt gga gca gag agg agg caa tgg tgg tat tag gat aga agc acc agg g


b
-Actin gca cca cac ctt cta caa tga gc gac gta gca cag ctt ctc ctt aat g
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cides increased the l evel  of pS2 mRNA to a comparabl e extent. The pS2

mRNA expression increased 1 .67-, 1 .28-, and 2 .01 -fol d after 1 0
–6
M
fen-

val erate, 1 0
–7
M
permethrin, and 1 0
–6
M
cypermethrin treatment, respec-

tivel y. After del tamethrin treatment, there is no significant effect.


DISCUSSION


E-Screen has been suggested as a method to screen l arge numbers of

compounds quickl y for estrogenicity. Cel l  prol iferation is used as a hal l mark

of estrogen action, and assay theory assumes cel l  prol iferation upon expo-

sure to estrogenic compounds. Soto et al . (1 995) exposed cel l s to 1 7
b
-estra-

diol  for 6 d directl y fol l owing overnight attachment. Jones et al . (1 997)

reported that addition to the protocol  of a preincubation stage of cel l s in

EMEM/H– (i.e., medium from which phenol  and endogenous estrogens had

been removed) for 48 h after attachment and prior to addition of 1 7
b
-estra-

diol  for 6 d resul ted in an approximatel y twofol d increase in ER content of

the MCF-7 cel l s from 24.6 to 54.2 fmol /mg protein and an increased maxi-

mum prol iferation from 200–250 to 400% or more. In our study 24 h was

the preincubation time, because in our prel iminary experiment it was evi-

dent that 24-h and 48-h preincubation produced a simil ar effect on cel l  pro-

l iferation. There is concern that there are differences in the strain of MCF-7

cel l s, particul arl y in their prol iferation response to the endogenous estrogen

1 7
b
-estradiol , thereby l imiting useful ness to detect weak estrogens (Vil l a-

l obos et al ., 1 995). Vil l al obos and coworkers (1 995) indicated that MCF7BUS
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FIGURE 3. Schatchard anal ysis of estrogen receptor derived from rat uteri. The K
d
val ue was cal cu-


l ated from the scope of the pl ot. The concentrations of radioactive estradiol  used for ER assay were


0.05, 0.1 , 0.2 , 0.4 , and 0.8 nM. Data obtained from each concentration were averages of two deter-


minations. B/F, bound/free; Rc, receptor contents.
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cel l s were the most responsive strain. However, those particul ar cel l s are not

currentl y avail abl e in al l  l aboratories . In our study, 1  n
M
1 7
b
-estradiol

induced 3.46-fol d prol iferation, indicating that MCF-7 cel l s used are sensi-

tive to 1 7
b
-estradiol . It al so showed that organophosphorus and pyrethroid

pesticides exert different effects on cel l  prol iferation. The l atter increase

MCF-7 cel l  prol iferation, whil e the former produce no effect.


Typical l y, E-Screen assays invol ve serum that is stripped of steroidal

components but stil l  contains growth factors and metabol ites. The potential

for fal se negative and positive resul ts increases when cross-tal k is over-

l ooked (Lackey et al ., 2001 ). To study whether the effect on MCF-7 cel l  pro-

l iferation of the pesticides in E-Screen assay refl ected the abil ities of these

chemical s to bind to ER, the effect of ER antagonist ICI 1 82 .780 on py-

rethroid pesticide-induced prol iferation was determined. ICI 1 82 .780 is a

new steroidal  antiestrogen that shows promise in current cl inical  trial s of

estradiol -induced breast cancer cel l s. ICI 1 82 .780 bel ongs to the type II

antiestrogens avail abl e for study (MacGregor & Jordan, 1 998). What is

unique about the type II antiestrogens is the observation that they produce

the destruction of the ER in breast cancer cel l s in cul ture (Dauvois et al .,

1 992). ICI 1 82 .780 binds to the newl y synthesized receptor in the cytopl asm

and prevents transport to the nucl eus (Dauvois et al ., 1 993 ). In our study, ICI

1 82.780 was found to be a potent inhibitor of cypermethrin-, permethrin-,

and del tamethrin-induced prol iferation. The prol iferation induced by fen-

val erate coul d be onl y partl y bl ocked. These resul ts further support a rol e of

ER in mediating pyrethroid pesticides-induced cel l  prol iferation.


Chemical s may show ER activation through al tering (1 ) ER conformation

(without binding l ike estradiol ), (2 ) ER phosphoryl ation status, (3) kinases or

phosphatase activity, and (4) cofactor l evel s or avail abil ity (Harnagea-Theo-
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FIGURE 6. (Continued) Concentration-dependent induction of pS2  expression in MCF-7 cel l s by


pyrethroid pesticides for 6 h (n = 3 ). C, control  (0.1 % ethanol  or DMSO). Resul ts are presented as


mean ± SD of three separate experiments. Asterisk indicates significantl y different from control  (p <


.05).
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phil us et al ., 1 999). In an al ternative, indirect pathway, estradiol  upregul ates

some growth factors and their receptors, l eading to an autocrine stimul ation

of prol iferation (de Cupis & Favoni, 1 997). The resul ts from ER competitive-

binding assay showed organophosphorus pesticides tested do not bind to

the ER, whil e pyrethroid pesticides bind to the ER with different potency.


The human pS2 gene is approx. 4.5 kb l ong and contains 3 exons that

encode the amino-terminal  signal  peptide, the trefoil  (TFF) domain, and a

carboxy-terminal  acidic motif, respectivel y (Jel tsch et al ., 1 987). The pro-

moter region contains an estradiol -responsive el ement (ERE) (Berry et al .,

1 989) and a compl ex-enhancer region responsive to epidermal  growth fac-

tor (EGF), tumor promotor TPA, and the proto-oncoproteins c-Ha-ras and c-

jun (Nunez et al ., 1 989). The regul ation of the pS2 gene expression has been

studied in breast carcinomas (Ribieras et al ., 1 998). The ectopic expression

of pS2 is directl y regul ated by estradiol  at the transcriptional  l evel  through

the ERE (Rio et al ., 1 987). The pS2 gene product is a pol ypeptide that is

expressed by one-hal f of al l  breast tumors, and al though its function has not

been determined, its presence identifies tumors that are sensitive to antihor-

monal  therapy (Zacharewski et al .,  1 996). pS2 -mRNA can be rapid l y

induced by estradiol  in certain breast cancer biopsies (not by other steroid

hormones such as progestins, gl ucocorticoids, or androgens), but not in nor-

mal  breast cancer tissue or in any other cul tured human cel l  l ines. pS2

mRNA has al so been sequenced. Therefore, pS2 mRNA expression in MCF-

7 cel l s is an ideal  model  to study the effects of estrogenic chemical s on gene

expression in human breast cancer (Ren et al ., 1 997). Using the expression

of pS2 genes as estrogen-responsive reporter gene, the effects of estradiol

and pyrethroid pesticides on MCF-7 were studied. In the time-course study,

the pS2 mRNA expressions were detected after pesticides or estradiol  treat-

ments using the RT-PCR technique. The resul ts indicated that some of the

pyrethroid pesticides tested (fenval erate, permethrin,  and cypermethrin)

induce pS2 expression in MCF-7 cel l , whil e there are no significant effect

after del tamethrin treatment. Compared with the E-Screen assay, pS2 mRNA

expression is l ess sensitive to screen the estrogenicity of chemical s. Whil e

not a perfect test for endocrine disruptor screening, when examined in

proper context, prol iferation assays can provide useful  data and be incorpo-

rated into a screening pl an.


This  study  demonstrated  estrogenic  activity  of  pyrethroid  pesticides

tested. Recent studies showed antiandrogenic activity for environmental

chemical s such as vincl ozol in, a fungicide, and DDE, a insecticide (Sonnen-

schein & Soto, 1 998). Moreover, a singl e chemical  may produce neurotoxic,

estrogenic, and antiandrogenic effects. Thus, pesticides may produce effects

on endocrine and reproductive systems through other mechanisms, such as

(1 ) mimicking the effect of endogenous hormones except for estrogen, (2 ) an-

tagonizing the effect of endogenous hormones, (3 ) disrupting the synthesis

and metabol ism of endogenous hormones, and (4 ) disrupting the synthesis

and metabol ism of hormone receptors.
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